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(54) Title: ARTIFICIAL ANKLE JOINT AND PROSTHETIC DEVICES FORMED THEREWITH 
(57) Abstract 

A prosthetic device (14) is pro- 
vided having a proximal end portion (16) 
adapted to be secured to an amputee and 
a distal foot structure (18). The improve- 
I ment comprises a pivoting ankle joint dis- 
posed between the proximal end portion 
(16) and the foot structure (18). This 
ankle joint includes a mated socket (22) 
and head (26) assembly interconnecting 
the proximal end portion (16) and the foot 
structure ( 18) for relative movement about 
a pivot axis between first and second po- 
sitions. A spring element operates to rc- 
I silicntly bias the socket and head into the 
first pivot position. A load sensitive lock- 
ing mechanism (24) operates, upon the 
existence of a triggering load which ex- 
ceeds a predetermined threshold magni- 
tude, to cause the socket (22) and head 
(24) assembly to lock at a selected lock- 
ing position, thereby preventing relative 
! pivotal movement In the absence of the 
triggering load, relative pivotal movement 
of the socket (22) and head (24) assembly 
between the first and second positions is 
permitted. 
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ARTIFICIAL ANKLE JOINT AND 
PROSTHETIC DEVICES FORMED THEREWITH 

FIELD OF THE INVENTION 

The present invention relates to a prosthetic device 
adapted for use on a lower extremity amputee. More 
particularly, the present invention is directed to an 
artificial ankle, and on a prosthetic leg device incorporating 
the ankle, that pivots to provide an amputee with an improved 
gait for running or walking. The present invention also 
enables a leg amputee to more easily ascend and descend 
staircases. 

BACKGROUND OF THE INVENTION 
Throughout modern human history, appropriate medical care 
sometimes has required amputation of a diseased or damaged 
limb. When a leg or portion thereof was amputated, often, the 
leg amputee was fitted with a prosthetic leg device so that 
the amputee could walk without the use of crutches or other 
aid devices. An early prosthetic leg device was simply a peg 
affixed to the remaining portion of the amputated leg of the 
amputee. Although effective, a "pegged" leg was not 
aesthetically pleasing. 

Technological advancements of new materials enabled other 
types of prosthetic leg devices to be developed which were 
more aesthetically pleasing. Typically, these prosthetic leg 
devices included a calve portion, an ankle and a foot 
structure that simulated a human leg. skillful fabrication of 
these prosthetic leg devices with advanced materials made them 
appear to be a real leg with a real foot structure. The 
advanced material which formed the anatomically-correct parts 
of the human body was either a plastic material or a 
rubber-like material having a color texture of human flesh. 
Now, a sock and footwear could be worn on the artificial foot 
to match the ones on the healthy foot so that the general 
public would be unable to visually determine that a person was 
an amputee. 

Even though these new prosthetic devices appear generally 
life-like, several disadvantages remain. First, in order to 
assure proper balance,the lower leg portion below the "knee" 
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is rearwardly offset from the upper leg portion above the 
••knee". Therefore, when simply standing, the artificial foot 
is positioned to the side of and behind the real foot, that 
is, in a staggered orientation, which presents an unnatural 
appearance. More importantly, though, none of these devices 
could perform functionally as well as a human leg. Unlike the 
function of a healthy human ankle, the typical ankle of the 
prosthetic leg device is a rigid, 90-degree connection unable 
to provide any pivotal movement between the calve portion of 
the leg and the foot structure. To use prior art prosthetic 
leg devices, the amputee is required to angularly swing 
his/her amputated leg in an arcuate motion relative to his/her 
healthy leg when making a step with the prosthesis. This 
arcuate motion, although unnatural, Is necessary so that the 
prosthesis can be lifted above the walking surface to avoid 
being dragged when stepping. This arcuate motion adds stress 
to the healthy knee, leg and ankle of the amputee that could 
result in chronic pain and further injury- Thus, a tradeoff 
occurs. For a more aesthetically-pleasing prosthetic leg 
device, the amputee must suffer pain and/or risk future damage 
to his/her healthy leg. 

A normal gait cycle of a human being includes three 
general phases which are dorsif lexion, plantar flexion and 
••push-off". Each of these phases is explained relative to an 
angular position of the foot relative to a shin bone pivotally 
connected thereto by an ankle joint. The foot, of course, 
includes a heel disposed proximate to the ankle joint and a 
sole disposed distally to the ankle joint. The human foot is 
considered to be in a neutral position when it forms a 
90-degree angle with the shin bone relative to a pivotal axis 
of the ankle joint. Dorsiflexlon occurs when an acute angle 
is formed between the foot and the shin bone relative to the 
pivotal axis of the ankle joint. For example, dorsiflexlon is 
best demonstrated during stepping as the heel on the foot of 
the advancing leg first contacts the walking surface 
immediately before the body weight of the amputee is 
transferred to the foot. Plantarf lexion occurs when an obtuse 
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running. Not only Is It difficult. If not Impossible, to run 
„ prior ert prosthetic le, device but .1.0 the rigid ty of 
construction provide, limited shoe* ...sorption 
Much of th. indued .hoc* 1. .b.orb.d by th. body of the 
Ifutee th.t. in turn., cu.es further .tree, on , th. ■ 
DO dy. such rigidity .l.o r..ult. In mlnlm.1 °( 
the prosthetic le, device. Ag.In. the .mputee-s body must 
compens.te for this lack of flexibility. 

There Is . need In the rn.rhetpl.ee to provide en 
.rtlf lci.1 .nkle Joint th.t c.n be u.ed with . pro.thetlc leg 
device .o th.t . foot structure thereof c.n pivot .bout 
pivot.! .xi. rel.tlve to . pro.th.tlc leg portion. There is 
a further need in the rn.rxetpi.ee to provide .n "tlflci.l 
.nkle joint for e pro.thetlc leg device which cen execute the 
three general ph.... of dorslf lexlon, pl.nt.rf lexlon .nd 
^.h-off » to .imul.te . g-lt cycle of . norm.lly he.™, 
„Ln being. It would be edv.nt.g.ou. if this pro.thetlc le, 
devl ce could be need for w^lng - -Uj - 

txzsx - — — r 

end be flexible .o to r.li.ve the .mputee-e body from 
.bsorblng shock .nd compensstin, for sny l.ck of flexibility 
There is . need to provide with .uch .n ankle Joint, end to 
pr"ld. . prosthetic leg device with .uch .n -»» 
prosthesis is lightweight. The present invention ..tlsfie. 
these need, .nd provide, th... .dv.nt.g... 

SUMMARY OF THE INVENTION 
It 1. .n object of the pre.ent invention to provide a new 
end useful .rtificl.l .nkl. Joint for ».. with . 
tea device h.ving . foot structure .nd . proxlmsl end portion 
.0 thst the foot structure c.n pivot .bout a plvot.l .x • 
relative to the proxlmsl end portion of th. prosthetic le, 

"Mother object of the present invention Is to provide, n 
.rtiflcl.1 .nkle for use with . prosth.tle leg device which 
T» execute the dor.if lexlon. pl.nt.rf lexlon .nd -push-off 
phases of a human gait cycle. 
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It 1. a farther object of the pre.ent invention to 
provide en ertlflcl.l .„„!. j 0l „t thet c.n loch et . l„ci n< , 
poeltfon eo thet the »p„sh-o,f phase of the h„ m an g .lt cycle 
can be executed. 

It is yet another object of the present Invention to 
provide an artificial ankle joint which automatically unlocks 

when the "push-off" nhaae of h. „ . k , 

v n on pnase of the gait cycle is completed. 

A still further object of the present invention is to 

wIIant e o r, h artlflClal ankl ° j ° lnt WhiCH empl °^ the *«* 
weight of the amputee to lock the artificial ankle joint at 

the locking position when executing the "push-off" phase of 
the gait cycle. 

Yet another object of the present invention is to provide 
an artificial ankle joint which locks in the locking position 
only when a certain threshold of load is present 

Yet a still further object of the present invention is to 
provide an artificial ankle joint which can be disengaged from 

oad?/' r l0Ck1 " 9 P ° 8lti0n ™^«°* ^ the amount of 
load Induced thereon. 

Yet another object of the present invention is to provide 
an artificial ankle joint with a prosthetic leg device which 
can allow an amputee not only to walk and run similarly to a 
healthy human being but also ascend and descend stair cases 
like a healthy human being. 

Still further, another object of the present invention is 
to provide an artificial ankle joint operative with a 

pleasing! 0 ^ ^ " ll9htWei * ht and aesthetically 

Another object of the present invention is to provide an 
artificial ankle joint that can absorb shock and can slightly 
flex in three dimensions. 

According to the present invention, an artificial ankle 
joint and a prosthetic leg device incorporating such an 
artificial ankle joint is described for use on a hum" 
amputee. The prosthetic leg device has a proximal end portion 
and a foot structure, and the ankle joint is located between 
the proximal end portion and the foot structure. Broadly, the 
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.nkl. joint includes . m.t.bl. socket snd he.d sssembly 
Interconnecting the proxlms! end portion snd the foot 
etructure for rel.tlve plvotsl movement ebout . pivot sxl. 
between first snd second pivot positions. The socket snd hesd 
sssembly include. . socket disposed on either the proximal end 
portion or the foot structure snd . hesd 
other. Pr.fer.bly. the socket Is disposed on the foot 
structure snd the he.d is disposed on s dlstsl end of e sh.ft 
thst is secured to the proxlmsl end portion. In sny event 
the hesd 1. sized to be mstsbly received by the * 
order to s.sl.t the smputee during wslklng, . lo.d «•■»"*« 
10 ckln 9 mechsnlsm 1. sssoclsted with the socket end he.d 
sssembly. This locking mechsnlsm Is oper.tlv. In response to 
. triggering compressive force between the socket snd he.d In 
excess of . threshold msgnltude to c.u.e the socket .nd heed 
Lsembly to lock «t . selected locking position between the 
first end second pivot positions, when so locked, the locking 
mechsnlsm prevent, rel.tlve plvotsl movement of the socket -nd 
heed. but. in the ebsence of the triggering compressive force 
the locking mechsnlsm freely permits relstlve plvotsl movement 
of the socket snd hesd between the first end second positions. 

Further, to ssslst the <unputee in w.lking. the preeent 
invention provide. . spring element ™™ 
snd hesd sssembly. This spring element ".lllently bi..e. 
this socket snd he.d Into the first pivot position. This 
Urst position correspond, to . dor.ifl.xlon or "to..-«P» 
PO.ition wherein the foot .tructure is oriented Mjt _» .cute 
.ngle rel.tiv. to the shin of the srtlflcl.l pro.th.tlc. The 
:.cond rot.tion.1 po.itlon of the .ocket end he.d .sssmbly 
thu. corre.pond. to . pl.nt.rfl.xlon .t.t. wh.rein J* foot 
.tructur. 1. «t .n obt«.e position. When in tn. Rocked 
position, the foot is .t the neutr.l position 
90-de,ree .ngle with re.pect to the shin of the .rtificl.l leg 
proetnetlc. To further ...l.t the .mput... 1. .« Pr.f««< 
th.t the .oek.t it.elf be reclved in . .ocket hou.lng with e 
l.yer of .tiff, yet resilient first m.teri.1 being 1""^ 
between the .ocket .nd the .ocket houeln, to lmlt.te c.rtll.ge 
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in the natural ankle joint. Moreover, the foot structure 
itself may be constructed of a stiff, yet resilient material 
to slightly flex during the walking motion, again to Imitate 
the natural foot. 

In its more detailed construction, the artificial 
prosthetic leg device of the present invention includes a 
prosthetic socket having a socket sized and adapted to 
releasably receive and retain the remaining residual limb 
portion of the amputated leg of the amputee. A shaft then 
extends along a central axis of the artificial leg, and the 
general region of the shin, and terminates in a head portion 
that forms one-half of the artificial ankle joint. The socket 
housing, the socket element and the first resilient material 
is then mounted on the foot structure opposite the toe portion 
thereof to define the other half of the artificial ankle 
joint. The socket includes an arcuate sidewall against which 
an outer peripheral surface of the head pivots. Here, the 
locking mechanism is preferably formed by a recess in the 
arcuate sidewall and a latch assembly carried by the head and 
shaft. When the triggering compressive force is present, the 
latch assembly then engages the recess at the selectee locking 
position. The latch assembly preferably has a first rod 
slidably disposed in a bore formed axially through the shaft 
and has a latch element connected to a first end of the first 
rod. The latch element may be a rod-shaped member extending 
perpendicularly to the central axis. The first rod is 
resiliently biased to retain the latch element in a retracted 
state within a channel formed in the outer peripheral surface 
of the head parallel to the pivot axis so that, in the locked 
position, the latch element can move from the retracted state 
to an extended state thereby to engage the recess in the 
socket sidewall. The latch assembly may also include a second 
rod slidably disposed within the bore and extending outwardly 
therefrom opposite to the first rod. A first coil spring is 
operative to bias the first rod into the retracted state and 
a second coil spring is operative to resiliently retain the 
first and second rods in spaced-apart relation from one 
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another. The first coil spring has a spring constant that is 
preferably equal to or greater than the spring constant of the 

second coil spring. 

A restraining assembly may also be provided and 
associated with the locking mechanism. The restraining 
assembly operates in a restrained state to disable the locking 
mechanism so that the head and socket are permitted to pivot 
freely between the first and second positions while bypassing 
the locking position. In an unrestrained state, the locking 
mechanism is enabled. The restraining assembly in the 
exemplary embodiment includes an annular first collar 
connected to and extending around the shaft in stationary 
condition. An annular second collar is connected to the 
locking mechanism and is slidably received and rotatably 
mounted on the shaft. Each of the first and second collars 
have a plurality of alternating and longitudinally extending 
teeth and gaps therebetween. The teeth and gaps are sized so 
that respective ones of the teeth on each of the first and 
second collars will facially contact each other when the 
second collar is rotated into a first angular position to 
orient the restraining assembly in the restraining state. By 
virtue of the contact between the teeth, load forces are 
transferred away from the locking mechanism so that it is not 
subjected to the triggering compressive force. However, when 
the second collar is rotated to a second angular position to 
orient the restraining assembly in the unrestrained state, 
respective ones of the teeth on each of the first and second 
collars may slidably move into and out of respective ones of 
the gaps thereon thereby enabling the locking mechanism to 
receive the load and therefore the triggering compressive 
force. The restraining assembly may include a bushing 
slidably received in the shaft, a cap slidably received on the 
shaft and a retainer ring slidably disposed over the cap and 
releasably connected to the second collar so that the retainer 
ring and the second collar are rotatably connected to the cap 
and can rotate about the bushing and the shaft. The bushing 
can have a bushing channel formed in an outer peripheral 
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away of the socket structure pivotolly receiving and retaining 
the head portion of the shaft with the shaft and the socket 
in a second pivot position; 

Figure 8 is an elevational side view partially broken 
away of the socket structure pivotally receiving and retaining 
the head portion of the shaft with the shaft and the socket in 
a locking position disposed between the first and second pivot 
positions and the load-sensitive locking mechanism operative 
to permit relative pivotal movement of the shaft and the 
socket between the first and second pivot positions; 

Figure 9 is an elevational side view partially broken 
away of the socket structure pivotally receiving and retaining 
the head portion of the shaft with the shaft and the socket in 
the locking position and the load-sensitive locking mechanism 
operative to prevent relative pivotal movement of the shaft 
and the socket between the first and second pivot positions; 

Figure 10 is a side view in cross-section of a 
restraining assembly shown in an unrestrained state to enable 
the load-sensitive locking mechanism thereby preventing the 
shaft and the socket when in the locking position from 
relative pivotal movement therebetween; 

Figure 11 is a side view in elevation of a walking 
amputee with his/her prosthetic leg stepping forward whereby 
a heel thereof contacts a walking surface with no body weight, 
i.e. load, being applied thereto so that a foot structure and 
a proximal end portion of the prosthetic leg device is 
naturally positioned in a dorsif lexion phase of his/her gait; 

Figure 12 is an enlarged side view in elevation and 
partially broken away of a lower portion of the prosthetic leg 
device shown in Figure 11 illustrating that the shaft and the 
socket structure are disposed in the first pivot position, 
that the restraining assembly is disposed in an unrestrained 
state and that no load is being applied to the load-sensitive 

locking mechanism; 

Figure 13 is a side view in elevation of the walking 
amputee with his/her prosthetic leg stepping forward whereby 
the heel and a soul thereof contact the walking surface with 
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some body „ el9ht , .... lMd( bein? ^ ther 

foot "ructur. .„ d . proxlM1 .„„ ^ ^.J^' 

™i; ;: lt r rally - iti — in - — — 

psrtielly broken ew.y of . lo „er portion of the prosthetic lea 
-.vice *-« in Plgure 13 iUu.tretln, th.t the sheft end he 

the \\ dl8PO '° d " th ° P^ot position! 

ate e ; it r ;" r " lnl "° " *» « -nre.tr. 2 

wit" „ " b 7 PTC "" e — Of Pl.te.us pertl.Uy eng.ged 

load, l.e e loed less th.n , predetermined threshold lo.d. Is 
being spplled to the lo.d-sensltlve locking „echa„is»; 

Figure 15 is . sl de view in elev.tion of the welkin. 
-Pstee vith his/her prosthetic le 9 tr.ill„ g „eh „ ^ 

bZ. ° £ a P red «=™lned threshold loed, 

being spplled thereto so thst . £oo t structure end . proxim. 
end portion of the prosthetic leg device is nltZT, 
positioned in the -push-off phese o/hlsTh." gsit, 

p.rtls F Uv r bU 6 13 enlar9M >ld8 Vl ~ ln elSV " 1 »» — 
psrtlslly broken .w.y of . lower portion of the prosthetic leg 

device ehown l„ Figure 15 Ulu , tr „ tlng ^ ' ^ £ 

res"!";: 8 "V"*" ^ ^ P— n, tn. 
"th re." " ^ ^ dl " P °" ed in » """"reined st.te 

between ^1°"" Pl ° t "' ,S C0BPl6tely »«- "" hl " — 
the Z2 . ,° °' reCe " eS th " '» ~ces. of 
the predetermine threshold losd 1. being spplled to the 
lo.d-..n.itlv. locking „eche„i. B thereby locking the .1 Z 
the locking position; n 

Figure 17 is a side view in elevation of the walkino 
amputee descending a staircase with walking 
train™ k-v* ««*rcase with his/her prosthetic leg 

trailing behind on an upper step and his/her healthy leg 
securely placed on a lower step; . 9 

Figure 18 is a side view in elevation of the walkino 
amPutee descending the staircase with his/her prosthetic leg' 
securely placed on a subseguent lower step located immediately 
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<„ rinura 17 and with his/her 
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the load exceeds the threshold respective 

-i BPftmrn ^ 0 f the lockinq mechanism. 

device pivots so that the ar artificial ankle 

8ln ulate the function of a human ankle. The artl " 
of the present invention articulates between a dor.If l«ion 
ot tne Htiman'B aait to simulate 

ph.se end . planterflexlon phas. of . human gal 

Le..nt 0I a — - ^TrUZ P -« of a 

Tht Card «h.n transitioning hody weight fro- the 
ro.th.tic Z f «- healthy leg when stepping. Moreover. 
T 1=1.1 ankle of the present invention is operative so 

the artificial anltie 01 i v „„„ d -tairs as a human 

that an .ft. can now jolnt 10 is 

with two healthy legs- """^'h.^ .rtlficial anhl. 

Tf^nS* • » «— • • 

3 : 1 i le, tice 4 having a proximal en- portion 16 .nd 
Tfoot structlr. IS. artificial anal. Joint 10 is disposed 
hetween proximal end - sru « „ 

With reference to Figures s « na ' » i 
. _ 20 tnat has a hexagonal cross-sectional 
includes a shaft 20 that nas « * 
configuration and that extend, .long a cntral axl. 
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Shaft 20 terminates in a di-i^i v 

end 28 of shaft 20. „ ead p ort on " h P ° rtl ° n " dlep ° 8 ° d «* 
30 and an outer peripheral ed " ^ ° f fl-t 8ldes 

generally cyllndrl P , ^^X™ " * ' 
shaft recess 3< formed thereto and a p."" ' 
Projecting posts 36 extend centrally alon ^""ely 
from witnin a respective one T£tZ ~ ' PlV ° tal 
bore 38 extends longitudinallv 34 " ° Xlal 

central axis -c- to £££ ^TjT "° ^ * 
formed into outer peripheral edge s„ r ace : T n " " 
26. Channel 39 extends parallel to / P ° rtl ° n 
Although not by „ av of n Parallel to Pivotal axis » P ». 

a " uu °y way of limitation. sh*f* ->n < 
construction and is fabricate , ° f a Unitarv 

Plastic or metal. ' rl9id ""terial such as 

In Figures 3, 5 and fi n- 

structure 22 includes a Bn ,v i * Mn that Bock <* 

Pivotally receive a„d re a h ~ " ^ ^ adapted to 

this end! socxet 40 his a P ° rtl ° n 26 ° f 8haft 20 « * 

oucKet 40 has an arcuate sidew»n -i 

outer periphery edge surf.c. 32 plvo 8 ^ " 

■nd eh.ft 20 interconnect prosthetic lee TT " 
"meters „. Socket 22 J . « end foot 

described below *nH - , "stent, formed by a channel 42 
P-lr of 9U To. pl „: d 4 Cent 1 " ^ * 

HO!.. 48 for^/in . iTtL^ ^ f 
to assure proper aliens , receive guide pins 46 

connected to 'oc* "T V ~ o77 ^ " le "* bly 
convention.1 screws having h. x C, " S ° Ch « 

into socket cover 48 is *" ° Penln9 54 £o ™*l 

Pivot within socket 4, * " " 8hlft 20 «» 

therein, socket strUre^i " ^ P °" 1 °" « 

•dspteo to receive socket 40 " " " Sl " d " nd 

-steriel 58 is interposed L m re "" lent «** 

This asteri.i 5 TTZZZT """^ " 40 ' 
resiilentlv retsin JZTTlZ *"T" *» 
■wterisi «sy be such «!! . , Thl « " r " 

e.iv.i.„ t . y "rtrir:"^" rrr piMtic - - 

«— ~t. to e>serh shock «d "^"r^ 
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.rtlflcl.l .n*le Joint 10 when In u.e. thus m -IcXlng 
cart 1.93 in the anXl. Joint. Hou.ln, 56 includes . plurality 
" hole. 60 ec that, when Initially applied, the « «1 8 
L flow into thereinto 56 to ..sure thet housing 56 and .tiff 
r resilient odhe.l»e m.t.rl.1 58 odhere to eech other. 
7 , «1 include. . threeded rod 62 which e-t.nd. from 

* «~ " d nut 66 " a<,apted 

XocXlng mechanism 24 1. ...ocl.ted with sochet 40 and head 
" " J6 . Load-sensitive locking mechanism 24 Include. . 
^0* assembly 68 which cooperete. with chennel 42 forced In 
ldew.1 1 ot soc-cet 40. Letch assembly 66 Include. . first 
ZZ slidabi, dl.po.ed In here ^T^ll^o Z 

°r- It 1. preferred thet letch element 72 Includes « first 

epical 'piece ,6 end . .econd cyUndrlcal Piece - » 

tooether form e crossbar on the di.tel end of rod 70. Fl 

cTlndrlc.1 Piece 76 include, en outer cylinder portion 80. 

Y nd "nntr deeded portion 82 end .heft portion 64 dl.po.ed 

therebetween. Second cylindrical portion he. . threaded 

:^ly emending hole si»d end adapted to matably engage 

iLer threaded portion 82 of fir.t cylinder piece 76. Shaft 
inner thre.de p ^ ^ t „ be 

hH first and .econd cylindrlca! piece. 76 and 78 are ratably 
when U»t"<» * ^ re.lllently bia.ed by a 

St U « 8. "U con .prlng 66 act. on first rod 
in order to retain latch element 72 within . » of 

at a distal end of bore 38. 
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end of .econd rod " £ " t "' ll -» "-.from. 0n I 

::T , to and . ^uV:~rr r ;r v *- 
= rjr. ir r r— b * ~ 

104 extending .long th . central ' ^ 

rod ,2 and into bore 39 where th„. d . f ' SeC ° n<i 

engage. . threaded i„„ 8r „.n " " " * """"^ 

positioned between ,Lt .„ d C ° U 8Prin9 94 la 

re.pectlvely and e„ g . 9 ee f J. t 'T' "* '° - » 

compr between f fret .pr „ ' cUp 7. d " " *° " 

100. second coll .p rlno 94 i. SPrln ' cll P 

«r»t rod ,0 end ..coed " d 9J ^" " reteln 

from one .„oth.r. rirst " ! * P " t 

■Prlng conefnt end ^.tL^ " 

.prlng conatant. Flret coll .„t. " * eC ° nd Co11 

eecond coil eprlng co„,t.„ T^T^ " 

normally remain In . .. / element 72 c.n 

latch ...emblt 66 1, othe"! KltMn Ch * nnel S » 

""eh a load I 1 . P r.;.„ t " 1 «' e ""^ U >° n * • When 

extende d .tat.. * elBTOnt ls bl " 8d *<■»•«! an 

element: £ VnTfor. of""" ~* ' " P "' «* W 

...ocLted wit; h.r 2 'oTxr;: 1 :°r° Mi - prLn °° « 

.prlng el.m.nt 108 1. dr.no. J ... 40 ' E « h 

34 formed into fla, .^ 3, " ' ^T 0 ""* """" 
".pective poet. 36 . ' , ^ P °" l0n 26 to ""round 

element i.,^,. ZZTST" " ^ ™ 
of sockat 40. retained in reapactlv. notche. 44 



•lemenT .Tar. Z^T^ ~ «« *> - « 
- 0 into artificial anxie )a nt ^ one of T *" ' 
«» art wouid appreciate W a^V. TZZt'TAl 



WO 96/10376 



PCTAJS95/12729 



16 



pivotally move about pivotal axis "P" relative to each other 
between a first pivot position as shown in Figure 6 and a 
aecond pivot position as shown in Figure 7. A skilled artisan 
would further appreciate that spring elements 108 are 
operative to resiliency bias shaft 20 and socket 40 in the 
first pivot position (Figure 6). A locking position is 
located between the first and second pivot positions as 
illustrated in both Figures 8 and 9. Specifically, the 
locking position is encountered when channel 39 of head 
portion 26 and detent 42 of socket 40 face each other. 

As illustrated in Figure 8, load-sensitive locking 
mechanism 24 is operative to permit relative pivotal movement 
of shaft 20 and socket 40 between the first and second pivotal 
positions thereby by-passing the locking position when a load 
»L" exerted upon locking mechanism 24 is less than a 
predetermined triggering threshold load. As illustrated in 
Figure 9, load-sensitive locking mechanism 24 is operative to 
prevent relative pivotal movement of shaft 20 and socket 40 at 
the locking position when the triggering compressive load "L" 
exceeding the predetermined threshold load is exerted upon 
locking mechanism 24 as shaft 20 and socket 40 pivot relative 
to each other between the first and second pivot positions. 
When the triggering compressive force is present and when 
channels 39 and 42 register latch element 70 can move to the 
extended state thereby to engage channel 42. Therefore, in 
the locking position, detent channel 42 receives latch element 
72 as it moves from channel 39. However, in the absence of 
registration of the channels 42 and 39, the compressive force 
compresses coil spring 94 such that its spring force loads 
against ring clip 88. When registration of channels 42 and 39 
occurs, then, this spring force overcomes the spring 86 to 
cause latch element 72 to move to the extended state. It 
should be appreciated that load "L" is the fluctuating body 
weight of the amputee on the artificial ankle joint of the 
present invention as the amputee continuously transfers body 
weight from one leg to another while walking or running. 

As best shown in Figures 3, 10, 12, 14, 16 and 19, 
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which is associated with locking mechanism 24 and Is operative 
in a ra.tr.lned state a. shown In Figure „ ™ 
unrestrained state as shown l„ Flgures 12 , * „„ d \[ " 
restrained st.te, the load Is transferred away frJm loc.lnc 
mech.nl.„ u thereby dl.sblln, locking mechanism soTh. st.Z 
20 and socket -0 are permitted to pivot between the first and 
econd pivot positions whlie by-passing the lo cklng position 
m the unrestrained state, locking mechanism 24 la enabled to 

ZZT: ther8by PreVent1 " 9 *° - — " 

the locked position to pivot between the first and second 
the predetermined threshold load. 

l„clud!r ralnln9 a88Gmbly 112 ln thG e *°»Pl«ry embodiment 
Includes an annular first ™ n ., m ■ 

about .h.f t ,n . 4 18 c «»>«Mt«d to and 

ur.uch k " "" 10n ^ "nultlen. A collar fastener 

116 such as a hex-head bolt connects first collar at a select 
location along shaft 20 In the stationary condition. Tr, 
annular second collar no 

end is .UdaMy received bv T"'" '° l0Ckln9 neCh " ni " m 24 
20 Each „, Y " rotatabl y ""untod onto shaft 
20. Each of first and second collsrs 114 and 118 has a 
Plurality of alternating, longitudinally ektendin, teeth 120 
and corresDondlno i*.^ * 



and corresponding gaps 122 sized and adapted in a manner 
whereby, when second collar He t , rotated into a 



teetT L "Gaining st ate, respective ones of 

teeth 120 on each first end second collar. 114 and 11, 
facially contact each other thereby transferring the load away 
fro. locking mechanism 24. when second collar 118 is rotateo 
to a second angular position different fro. said first 12 ar 
position a. shown In Figures 12, 14 and 16 to orient 
restraining a.sembly U2 ln tne unrMt r. llled etate> ^ 
one. o teeth 120 on each first and second collars «« L H8 
can slldabiy „ove into and out of respective one. of gaps 122 

lockin. T T " C6nd C ° lla " U4 Md "« ™» 
locking mechanism 24 to receive the load. 

A. best shown in Figure. 3 , 10 , a2 , 14 , I6 and , 
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CBP m - . retainer ^ ue. e^bin, bMhin9 
receiv.- onto 20 «-J there tbrou g b „blcb is 

° P /'no .diptn to prevent rotational movement of bu.bln, 
sl zed and adapted P „. n . t .Uy cylindrical In .nap. 

u : r. u v h e , in '..u i- ij7 uhich i : 

and has a hexagonoi.*y Bh .f t 20 yet prevent 

..„ foH «- 0 alidably receive snatt. *u y<»- f 
sued end adapted to alioao y ^ fl>( . 

rotational movement .bout .heft 20. CP 12 
top „2 deposed at one £ ™ ft c „ p hole 136 
radlelly outwardly at an opp ^ ^ 

extends axlally ^^J*",*^. rel e.e.bly connected to 

second collar 118 y P ug rotatobly 

°° ""ted " cap 126 and an rotate about bu.bln, 12, end 
20 " coll sprin, 125 1. dl.po.ed in tbe interior .« 

«P tOP Vl're. 9 3 M 10 and 19. buablna 124 

with reference to Figures j, . . orJll 

lncl ur. bu.bin, cbannel 13, ^ ^~ ~~ 

lAft thereof and second collar 118 mcxuu« 

C a:riy l "l2 -'one o« tbe ^-J- - * 

retaining assembly 112 is ope y matab i y engaged with 

threaded end 98 of se connec ted to proximal end 

and retainer assembly 112. ab0V e-described 
It should be clearly understood that the abo 

* restraining assembly 112 1b merely 

construction of the restraini g assemblies 
provided for illustrative purposes. Numerous other 
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cn readily be de.lgned by the sklllad mechaI)lc ^ ..j. 

Indeed 1 "I:'" 6 10 "-""= 1 "- ^Ccln, mechanic 

mod^',.7" 1 °'"'-""»"ive leaking mechanlem couXd be 

modified by the .Wiled arti.an to e different etructure that 
would equlvaiently perform the desired .elective locking of 
the pivoting enkle Joint without departing from the inventive 
concepts described herein 

in any event, the artificial ankle Joint of the present 
invention can either be retrofitted onto prior art prosthetic 
leg devices having proximal end portion and a foot structure 
or it can be fabricated with a new and improved prosthetic leg 
device considered to be a second exemplary embodiment of the 
present invention. As best shown in Figures 1 and 2 
prosthetic leg device 14 of the exemplary embodiment of the 
present Invention incorporates artificial ankle Joint 10 as 
described above and is adapted for use on a human amputee 12 
having a residual limb leg portion 211 remaining on an 
amputated leg 213 of amputee 12. Prosthetic leg device 14 
includes a prosthetic socket 215 and a foot structure 18 
Prosthetic socket 215 has a socket 219 which is sized and 

iTiT, T. K r6leaSably reCelve and -tain the remaining 
residual limb portion 211. Prosthetic socket 215 includes a 
stubahaft 221 which interconnects socket 219 and shaft 20 
When appropriate, one or more shims 223 can be disposed 
between socket 219 and stubshaft 221 to adjust prosthetic leg 
device 14 to suit the height of amputee 12. A rigid second 
retainer ring 225 is slidably received by proximal end portion 
16 of prosthetic leg device 14 to provide extra rigidity 
proximate to the connection between proximal end portion 15 
and artificial ankle Joint 10. 

Foot structure 18 includes socket 40 and housing 56. 
Housing 56 is connected to the foot structure 18 of prosthetic 
leg device 14. Foot structure 18 includes an artificial foot 
227 which extends along a longitudinal axis "A" and is 
connected to housing 56. Artificial foot 227 is fabricated 
from a stiff yet resilient material such as rubber or plastic 
and has a plurality of artificial toes extending 
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longitudinally therefrom along a longitudinal axis "A". 
Artificial foot 227 and disposed proximally from said socket. 
Foot structure 18 also includes a support plate 231 which is 
connected to bottom wall 64 of housing 56 by first threaded 
nut 66 matably engaged with threaded rod 62. It is preferred 
that artificial foot 227 be molded to and around housing 56 
and support plate 231. 

Operation of artificial ankle joint 10 of the present 
invention as well as prosthetic leg device 14 incorporating 
artificial ankle joint 10 is best shown in Figures 11 - 19. 
In Figures 11 and 12, walking amputee steps forward with 
his/her prosthetic leg device 14. A heel 233 of artificial 
foot 227 contacts a walking surface 235 with no body weight, 
i.e. load, being applied thereto. Artificial foot 227 of foot 
atructure 18 is disposed at an acute angle "a" relative to 
shaft 20 when in the first pivot position to render the 
plurality of toes 229 in a toes-up condition. This toes-up 
condition is typically referred to as dorsiflexion of a 
human's gait. Foot structure 18 and proximal end portion 16 
of the prosthetic leg device 14 is now naturally positioned in 
the dorsiflexion phase of his/her gait. In Figure 12 wherein 
prosthetic leg device 14 is shown in the dorsiflexion phase, 
shaft 20 and socket structure 22 are resiliently biased and 
disposed in the first pivot position. Restraining assembly 112 
is disposed in the unrestrained state. Additionally, no load 
is being applied to load-sensitive locking mechanism 24 since 
neither of the first and second coil springs 86 or 94 is 
compressed. 

In Figures 13 and 14, walking amputee 12 with his/her 
prosthetic leg device 14 steps forward and heel 233 and a sole 
237 of artificial foot 227 contact walking surface 235 with 
some body weight, i.e. load, being applied thereto. 
Artificial foot 227 of foot structure 18 and proximal end 
portion 16 of prosthetic leg device 14 is naturally positioned 
In a plantar flexion phase of the amputee's gait. Artificial 
foot 227 of foot structure 18 is at an obtuse angle "b" 
relative to shaft 20 when in the second pivot position to 
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render said DluraUft/ + 

toe.-do„„ conamon x. LT„ ' t °° e "'°"" "»""••■ *» 
second pivot position o ruct "" 22 are disposed in the 

P =«x.n y enga9ed „ lt M„ ;z„ ::::: °l pi " mus 120 
™ z- - iMd ie - «- ci:: 

^m,. 86 .„„ S4 « e .L„L: 2 :;„;;i f -" Md " c ° nd 

In Figures 15 and 16, „„i klng 
prosthetic leg device is his/her 
healthy leg J, Sole " T 9 " Mle """"^ 

« and pro,l a al sad ^ " pr^ "c^T """"" 
naturally positioned In the "push-o,,- „k ' " " 

in Figure 16, shaft 20 and socket structure 22 are 

*«quirea. Restraining assembly 112 is hi.«,. - 
in an unrestrained state with »k™L, disposed 

completely engaged within and hi ^ ° £ teeth 120 

122 a iLd in respective ones of gaps 

122. A load in excess of the predetermined threshold load ll 

Z:i7T d " 10ad - Sen8iti - ^ -chanism 24 

:zt:\r P :;zz t:: th : iockin9 — 

Pivoting the channels 39 and 42 h»v e 

are a. fan ' """" C ° U »« «d 94 

«e a. tM y caressed as they can he. Here aX.o. foil 
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otrU cture 18 c.n slightly flex which, .ion, with 
of the m.t.ri.l 58 mimics the netur.l foot when locked by 
luscles for pu.h-off. The re.tor.tlve force of .prlng 125 
"urtier Provide, pu.h-off .. the .mputee tr.n.fer. weight to 
Z forLd foot. After push-off 1. complete .nd the 
compressive forces reeved, springs 108 c.u.e foot structure 
Z to pivot to the dor.lflexlon (toes-up, position so th.t the 
prosthetic leg c.n move forwsrd to t.ke .mputee to .win, the 

rT 9 . arC w.mn g ..putee 1, Is 
s t.lrc.se 241. In Figure 17, prosthetic leg device 14 tt.ll. 

hind on .n upper etep 243 .nd his/her 
securely pieced on . lower step 245. In Figure 8, w.lklng 
.m^tee 12 continues to descend steirc.e 2.1 with his/her 
prosthetic le, device securely Pieced on . sub.egu.nt low.r 
step 247 locted immedi.tely below lower step 245 .nd with 
his/her heelthy ie, tr.llln, behind on lower step 245. 
lending stjrc.e 241 in . fs.hion ^^TZ^ 
never been heretofore .v.ll.ble to .mputee. . .t le.et withou 
ris* of ,r.ve denger. In Figure 19, .»." 20 
structure " c.n plvot.lly move rel.tlve to e.ch other between 
tie firet .nd second pivot.l positions reg.rdl.ss if the losd 
exceed, the threshold losd bec.us. restr.inin, 
disposed in th. re.tr.ined ,t.te with respective ones of teeth 
120 on first colisr 114 contact respective one. of the teeth 
120 on .econd coli.r 118 thereby preventing oper.tlon, i.e. 
linear dlspl.cement , of locking mechanism 24. 

Is . result, th. present Invention c.n pivot between the 
first position .«d the second position .nd c.n execut. .the 
"ersif Lion. pl.nt.rf isxlon .nd "push-off. ph.... * « 

«~ eimilar to a real human ankle, the artlticiai 
MZXZ orth. pU.nt invention c.n lock .t the locking 
position so thst the -push-off" phs.e of the hums, galt cycle 
Ten be executed .nd c.n automatically unlock when the 
"push-off" Ph.se of the ,.it cycle i. completed. The bod, 
welont of the amputee is employed to lock st the locking 
Tosltlon when exscutin, the "push-off" Ph... of the g.lt cycle 
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as well as to unlock when the -nuBh^ff.- w 
cycle is completed. The artificial S * ° ° f ^ 9alt 
locking position only whe „ a celt . h * ^ ^ *" thB 
sense, The art! f 1^1. °' ^ " 

locking at the locking position L„ the rZj^ZT" T 
is in the restraining state regardless of t he ^ 
Induced on the locklno m o k < 9arCUe88 of the a ™ount of load 

tne locking mechanism. The artificial , , 

allows an amputee not only to walk JZi ? ^ 

TZ-ZTL- ~ - — - - 

with .orr lngly ' PrM ° nt lnVe " tlon h " scribed 
with .one degree of particularity directed to 
e«bodl„enta of th . present JJ^~ ^ ^oZ 7 
appreciated, thouoh that rha « should be 

the following claims \ Pre86nt lnVention -fined by 
lunowmg claims construed in lioht 

that Edification, or change My Le lid, to T "* "° 

=f the preeent Invention without ^ITtZ'l^^T 
concept, contained herein. tnventlve 
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1 in a prosthetic leg device adapted to be worn by a 
human amputee wherein said leg device has a proximal end 
portion adapted to be secured to the amputee and a distal foot 
structure, the improvement comprising a pivoting ankle joint 
disposed between said proximal end portion and said foot 
structure, said ankle joint including a matable socket and 
head assembly interconnecting said proximal end portion and 
said foot structure for relative pivotal movement about a 
pivot axis between first and second pivot positions, said 
socket and head assembly including a socket disposed on one of 
said proximal end portion and said foot structure and a head 
sized to be matably received by said socket and disposed on 
another of said proximal end portion and said foot structure 
including a spring element associated with said socket and 
head assembly and operative to resiliency bias said socket 
and head into the first pivot position. 

2 The improvement according to claim 1 including a 
socket housing disposed on said foot structure, said socket 
housing being sized and adapted to mount said socket and 
including a stiff yet resilient first material interposed 
between said socket and said socket housing. 

3 The improvement according to claim 1 wherein said 
ankle joint includes a load-sensitive locking mechanism 
associated with said socket and said head assembly, said 
locking mechanism operative in response to a triggering 
compressive force between said socket and head in excess of a 
threshold magnitude to cause said socket and head assembly to 
lock at a selected locking position between the first and 
second pivot positions thereby to prevent relative pivotal 
movement of said socket and head and operative in an absence 
of a triggering compressive force to permit relative pivotal 
movement of said socket and head between the first and second 
positions. 

4 The improvement according to claim 3 wherein said 
socket' and head assembly includes a shaft secured to said 
proximal end portion and extending along a central axis to 
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terminate in said head and wherein said socket is secured to 
said foot structure, said foot structure being oriented at an 
-cute angle with respect to the central axis when in the first 
pivot position, at an obtuse angle with respect to the central 
axis when in the second pivot position and substantially 
perpendicular to the central axis when in the locking 
position. 

5. The improvement according to claim 4 wherein said 
socket has an arcuate sidewall along which an outer peripheral 
surface of said head pivots, said locking mechanism including 
a recess formed in said arcuate sidewall and a latch assembly 
carried by said head, said latch assembly operative in 
response to the triggering compressive force to engage the 
recess at the selected locking position. 

6. The improvement according to claim 5 wherein said 
latch assembly includes at least a first rod slidably disposed 
in a bore formed axially through said shaft and a latch 
element connected to a first end of said first rod and 
extending perpendicularly to the central axis, said first rod 
being resiliently biased to retain said latch element in a 
retracted state within a channel formed into the outer 
peripheral surface of said head portion parallel to said 
Pivotal axis so that in the locked position said latch element 
can move from the retracted state to an extended state thereby 
to engage aaid recess. 

7. The improvement according to claim 6 wherein said 
latch assembly includes a second rod slidably disposed within 
said bore and extending outwardly therefrom opposite said 
first rod, a first coil spring operative to bias said first 
rod into the retracted state and a second coil spring 
operative to resiliently retain said first and second rods in 
a spaced apart relationship from one another, said first coil 
spring having a first coil spring constant and said second 
coil spring having a second coil spring constant, with said 
first coil spring constant being equal to or greater than said 
second coil spring constant. 

8. The improvement according to claim 3 including a 
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restraining assembly associated with said locking mechanism 
and operative in a restrained state to disable said locking 
mechanism so that said head and said socket are permitted to 
pivot between the first and second pivot positions while 
by-passing the locking position and in an unrestrained state 
to enable said locking mechanism. 

9. A prosthetic leg device with an artificial ankle 
joint adapted for use on a human amputee having a residual 
limb leg portion remaining on an amputated leg of the amputee, 
comprising: 

(a) a prosthetic socket having a socket sized and 
adapted to releasably receive and retain the remaining 
residual limb portion of the amputated leg of the amputee; 

(b) a shaft extending along a central axis and having a 
first end portion connected to said prosthetic socket and a 
head portion disposed on said first end portion; 

(c) a foot structure including a socket sized and 
adapted to pivotally receive and retain said head portion of 
said shaft whereby said Bhaft and said socket can pivotally 
move about a pivotal axis relative to each other between a 
first pivot position and a second pivot position; and 

(d) a load-sensitive locking mechanism associated with 
said socket and said head portion and operative to prevent 
relative pivotal movement of said shaft and said socket at a 
locking position located between the first and second pivot 
positions when a triggering load exceeding a predetermined 
threshold load is exerted upon said locking mechanism as said 
shaft and said socket pivot relative to each other between the 
first and second pivot positions and to permit relative 
pivotal movement of said shaft and said socket between the 
first and second pivotal positions thereby by-passing the 
locking position when a load is exerted upon said locking 
mechanism that is less than the triggering load. 

10. A prosthetic leg device according to claim 9 
including a spring element interconnecting said head portion 
of said shaft and said socket and operative to resiliently 
bias Baid shaft and said socket in the first pivot position. 
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.o'c I[ .t pr h :: th : n " c 189 device ■ ccordin ' to ^ 9 «-»•« 

J—bl, carried by aald hMd , Mld ^ • . c 

in response to the trl gg er,n 9 compressive force to e„ ga " Z 
recess et the selectee lodcin g position. 

inol„H<' * Pr °" hetlC le * socordlng to del. 9 

»eoh Iom and operatlve ^ restMined oowng 

rt™r TO rree„ M r h :r r said — - 
unions whiae err: r:: 

unre. rained stste to e„. bl e s a i d ^^J.^ 

joint ^ii7::z c ::\r ie ° with - «*• 

„. , P r UBe on a huna " amputee having a residual 

cC^ir nln9 * fter r — ° f - ~ £ 

resi,^ llnb of the amputates -"; f t :; M xr 

first „ ' «*•»«■» "on, . central „i. and „ ' . 

first end portion connected to said prosthetic socket a nd ! 
heed portion disposed opposite of said first end portion 7 " 
(c) a foot structure including a socket si«,H . « 
adapted to pivotal* receive end retjn s.id he.d £L o 
"Id shaft whereby s ald 8haft and sald c .n pivotellv 

move about a pivotal axis reiatlve to each other bet™ en a 
first pvot position and a second pivot position; and 

of Ji! „" . ,Pr1 " 9 elemSnt lnterco " ne «l"9 said head portion 
of said shaft and said socket snd operative to resiiientlv 
Mas said shaft snd said socket in the first pivot position 
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15. A prosthetic leg device according to claim 14 
wherein said foot structure Includes a housing sized and 
adapted to receive said socket and a stiff, yet resilient 
first material disposed between said socket and said housing 
and operative to resiliency retain said socket in said 
housing. 
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